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哺乳动物中 TGF-beta 信号转导由 TGF-β、Activin、inhibin、GDF、BMP 和
MIS 等组成，TGF-beta 参与细胞增殖分化、胚胎发育和骨形成的调控。在哺乳
动物中 TGF-beta 信号途径的研究已经比较深入，但 TGF-beta 信号转导在旋毛虫
中的报道还比较少。本文研究的 smad-1 和 smad-2 基因编码的蛋白是 SMAD 蛋
白超家族中 R-SMAD 的成员；smad-4 基因编码的蛋白属于 SMAD 蛋白超家族的
Co-SMAD；tgh-1 和 tgh-2 基因是 TGF-beta 超家族成员的同源基因，编码的蛋白
是 TGF-beta 超家族的同源物，这些功能基因均参与 TGF-beta 信号通路。 
为了了解旋毛虫 smad-1、smad-2、smad-4、tgh-1 和 tgh-2 基因的功能，我们
对旋毛虫的 smad-1、smad-2、smad-4、tgh-1 和 tgh-2 基因进行了克隆和表达鉴定。
利用PCR技术对这些基因的 cDNA扩增，成功获得的 cDNA片段大小分别为1557 
bp（smad-1）、1476 bp（smad-2）、1314 bp（smad-4）、1578 bp（tgh-1）和 1322 
bp（tgh-2），并对这些基因的阳性质粒进行酶切和测序验证。将正确的目的片
段构建到 PET-32a 上，再将构建成功的表达质粒转化到 BL21（DE3）中用适宜
浓度的 IPTG 诱导表达，并运用 SDS-PAGE 凝胶电泳分析重组质粒的表达结果，
得到重组蛋白分子量大小分别为 66.8 kDa（SMAD-1）、67.2 kDa（SMAD-2）、
55.5 kDa（SMAD-4）、76.2 kDa（TGH-1）和 65.5 kDa（TGH-2），通过分离纯
化重组蛋白和免疫小鼠获得相应的抗血清。 
为了进一步研究这五种基因在 TGF-beta 信号转导中的功能，采用 RT-PCR
及 Western Blot 的方法检测了 smad-1、smad-2、smad-4、tgh-1 和 tgh-2 在旋毛虫
的新生幼虫、肌肉幼虫、雌虫和雄虫中的表达情况。RT-PCR 结果显示：smad-1、
smad-2 和 smad-4 基因均在雌虫中表达量最高，smad-1 基因在雄虫中表达略低外，
在其他两个时期表达无显著差异；smad-2 和 smad-4 基因的表达情况基本一致，





















质和细胞核都发现了 TGH-1 和 TGH-2。在蛋白相互作用的研究上发现 SMAD-1
和 SMAD-2 与 SMAD-4 之间存在一定的相互作用，表明旋毛虫体内的 TGF-beta





















Trichinella spiralis is a zoonotic parasite which parasize in human, pigs, rats and 
other animals. Heavy load can produce lethal disease. Trichinosis is susceptible to 
infection, wide distribution and refractory, vaccine development which devoted to 
cure and prevent trichinosis has drawn the world's attention. 
TGF-beta signaling pathway consists of TGF-β, Activin, inhibin, GDF, BMP and 
MIS. TGF-beta plays an important role in cell proliferation, cell differentiation, 
embryonic development and bone formation in mammals. TGF-beta signaling 
pathway has been in-depth study in mammals, but the TGF-beta signaling pathway in 
T. spiralis remains unclear. Proteins encoded by smad-1 and smad-2 gene are belong 
to R-SMAD which is a member of SMAD protein superfamily, SMAD-4 encoded by 
smad-4 is a Co–SMAD protein, TGH-1 and TGH-2 encoded by tgh-1 and tgh-2 are 
belong to members of TGF-beta superfamily, these functional genes are members of 
the TGF-beta signaling pathway.  
In order to understand the function of TGF-β signaling pathway in T. spiralis, 
three smad genes (smad-1, smad-2 and smad-4) and two TGF-β homologous genes 
(tgh-1 and tgh-2) were cloned and expressed in E. coli. The fragments of these genes 
cDNA are about 1557 bp (smad-1), 1476 bp (smad-2), 1314 bp (smad-4), 1578 bp 
(tgh-1) and 1322 bp (tgh-2) respectively. The recombinant proteins were expressed 
and purified, the molecular weight of the recombinant proteins are 66.8 kDa 
(SMAD-1), 67.2 kDa (SMAD-2), 55.5 kDa (SMAD-4), 76.2 kDa (TGH-1) and 65.5 
kDa (TGH-2) respectively. The purified recombinant proteins were immunized mice 
to obtain corresponding antibodies. 
To further study these five genes' function in TGF-beta signaling pathway, we 
use RT-PCR and Western Blot to detect the expression of SMAD-1, SMAD-2，
SMAD-4, TGH-1 and TGH-2 in newborn larvae, muscle larvae, female and male 
















level of smad-1, smad-2 and smad-4 are the highest in the female adult worm. smad-1 
in the male adult worm is slightly lower, and it is not significant different from other 
two stages; the gene smad-4 is consistent with the gene smad-2 which is slightly 
higher in the male adult worm, and it is not significant different from other two stages; 
the mRNA level of tgh-1 and tgh-2 are similar in newborn larvae and muscle larval, 
but the expression level are higher than in the female and male adult worm. Western 
Blot results showed that the expression of these proteins are conserved expressed in 
the newborn larvae, muscle larvae, female and male adult worm. 
Immunofluorescence localization of these five proteins revealed that they are 
widely distributed in the body of Trichinella spiralis, SMAD-1 and SMAD-2 are 
distributed in the cytoplasm; SMAD-4 and TGH-1, TGH-2 are distributed in the 
cytoplasm and the nucleus. The results of protein interactions suggested that SMAD-1 
and SMAD-2 have interaction with SMAD-4, so TGF-beta signaling pathway is 
similar to typical SMAD-dependent pathway in Trichinella spiralis. 
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（引自：http://www.trichinella.org/biology.htm） 
图 1-1 旋毛虫雌虫，雄虫，幼虫形态 
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图 1-2 旋毛虫生活史 
Fig. 1-2 Life cycle of T. spiralis 
（引自：http://www.trichinella.org/bio_lifecycle.htm） 
 





















血清、病毒和细菌等诊断，旋毛虫的 ES 抗原用 ELISA 检测灵敏度可达 0.01 条
/0.01g 肌肉[9]，主要是通过检测血清中的特异性抗体，其阳性率达 90%以上[10]；
IEST（免疫酶染色试验）利用感染旋毛虫的小鼠肌肉的冰冻切片为抗原，检查旋































属于 15808 个可编码蛋白质的基因，其中 45%蛋白质具有种属特异性，且 12%
已通过 EST 测序证实。同其他寄生虫基因组相比，旋毛虫的基因组较小，因此
可预测的编码蛋白也相对较少。还发现旋毛虫可以通过 16 种特异的反式剪接前




1.3 旋毛虫中 TGF-beta 信号通路相关基因的研究 





































图 1-3 TGF-β分子结构 
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